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1. Introduction

The flora and fauna on the properties associated with the proposed Bodangora Wind Farm
were investigated in the report Flora and Fauna Assessment, Bodandora Wind Farm, Shire of
Wellington, New South Wales, prepared for Infigen Energy Pty Limited in August 2011
(Kevin Mills & Associates 2011). Exhibition of the Environmental Assessment report
attracted several submissions from the public and from Government departments, along
with an assessment report by Australian Wildlife Services (undat.). This report responds to
issues raised in the submissions.

2. Response to the Issues Raised

Further assessments on clearances of roadside vegetation are required.

The report assessed the roadside vegetation and notes its occurrence in some places. The
protection of roadside vegetation would be included in the document recommended in the
following recommendation in Section 8 of the report by KMA (2011).

“The construction phase should be monitored by a qualified environmental auditor in
accordance with a Construction Environmental Management Plan.”

The CEMP would identify any requirements to protect roadside vegetation during the
construction period.

The second field survey undertaken in July 2011 was during winter, which is inappropriate for
many species

That survey was particularly aimed at winter so that there were surveys in both summer
and winter. There are species that are only present in winter and species act differently in
winter, two good reasons to do winter surveys, as long as summer surveys are also carried
out. In this case, the Superb Parrot would not have been recorded unless the winter
surveys were undertaken.

Conclusions assume the absence of a species in the project area when survey results does not
confirm it does not inhabit the survey area

The conclusions rely partly on the fact that the wind farm infrastructure can readily be
located on cleared and modified land (e.g. pasture improved), so that habitat potentially
used by unrecorded threatened species will not be impacted.

Consider the potential for Zieria obcordata to occur on site and conduct surveys for this
species.



Zieria obcordata is a small shrub growing in “eucalypt woodland or shrubland dominated
by species of Acacia, on rocky hillsides”, and occurs from “Wellington to Bathurst” (NSW
Flora). The closest turbines are about 11-12 kilometres to the north of the closest known
population, located 15 kilometres to the east of Wellington. This perennial species is quite
distinctive and would have been found in the areas to be utilised by the wind farm if it had
been present. This species is listed in Appendix 7 of the KMA (2012) report as a species
surveyed for and assessed. Note that we recommended that rocky areas, where the species
grows in the above area, be avoided.

Native grasses regularly occur in grazing land and often complete full growth cycles
Agree, but this does not make it native grassland nor of value to wildlife.

The assessment states “No threatened plants have apparently been recorded within 20
kilometres of the Study Area”

We acknowledge that at least some records occur within 20 km; this is a typo and was
supposed to say 10 km. Five threatened plant species were surveyed for and assessed (i.e.
all recorded species in Wellington Shire), as listed in Appendix 7 of the KMA (2012) report.

Clarify whether all turbine sites were visited during flora and fauna assessment

Appendix 4 in the KMA (2011) report tabulates all wind turbine sites, demonstrating that
all sites were visited except six sites that were added later the report was nearly finished.
These sites were assessed from aerial photographs and knowledge of the paddocks in
which they occurred. These sites will be further assessed during preparation of the
Construction Environmental Management Plan; there is clearly plenty of room at each of
these sites to locate the infrastructure without removing impotent woodland.

Rocky outcrops are evident in the central and southern parts of the project area and are
known habitat areas of the Spotted-tail Quoll.

Generally agreed; these areas were stated in our report as potential habitat. A
recommendation to avoid rocky areas is made at Section 8 of the KMA (2011) report and
such protection is included in the matters to be covered in the Construction Environmental
Management Plan.

Unsubstantiated claims of ‘poor soils’ in the project area
This was a botanical assessment based on the type of vegetation growing in the locality
being referred to and the appearance of the soil.

Further surveys, flight, feeding and habitat analysis are required for the Superb Parrot.

A further survey for the Superb Parrot is recommended. As the report notes, the locality is
on the eastern edge of the species’ geographic distribution and outside its breeding area,
hence the species was present in winter but not in summer.



Assessment of White Box Yellow Box Blakely’s Red Gum Woodland does not provide stratified
assessment of cover, quality/condition and exotic species present.

The small remnants of this type of vegetation are readily avoided by the wind farm
infrastructure, so detailed descriptions are not considered necessary. Information on
location and protection measures will be provided in the Construction Environmental
Management Plan.

Minimum clearing area of 1.32 hectares does not include upgraded and new access tracks,
transmission line clearing, fire clearing etc

The figure is so low because all of the infrastructure can be located through micro-siting in
the detailed design stage so that native vegetation of any value can be avoided.

The Koala has been recorded in the area

Our report states that “NSW Wildlife Atlas records to the northwest of study area. Food
trees do occur in the area. Lack of local records suggests species is not present.” At the time
we could find no records for the locality, despite questioning land owners. The more recent
observation of an animal is most likely a wandering male that could have come from some
distance away. We note that SEPP no. 44 does not cover the Wellington LGA. However, the
only SEPP no. 44 food tree occurring in the area, Eucalyptus albens, can and will be can be
avoided by the proposed wind farm. The Construction Environmental Management Plan
will address any protection measures required.

The flora and fauna assessment has failed to provide targeted and stratified surveys and
statistical findings for many threatened species. No GPS coordinates are provided for the
routes taken and there were no night assessments. There are no ‘species-time’ or ‘species area’
curves identified for bird surveys.

The report gives the end points of the survey transects, in each case the route taken is
obvious given the configuration of roads and tracks through the area. A typical route was
driven with stops at all remnant vegetation which were searched on foot.

It is obvious in Table 3 and Appendix 3 of the KMA (2011) report that adequate surveys
were undertaken to locate species in this highly cleared and rural environment. Indeed, 60
species of bird were recorded in 33.6 hours of observation and surveys were carried out in
winter and summer. Night time assessments (surveys?), other than for bats, would provide
no additional information on threatened species. The two nocturnal species, Spotted -
tailed Quoll and Squirrel Glider, were assessed in the report and their potential habitat will
not be impacted directly by the wind farm. Measures for protection of nearby potential
woodland/rocky habitat will be contained in the Construction Environmental Management
Plan.

The EA does not contain a vegetation map for independent assessment of impacts, including
no identification of wetland or ‘granite country’ areas.



The aerial photographs in the EA and elsewhere in the documentation would surely be
enough to see that the large majority of the area is grazing land and that woodland areas
are avoided by or can readily be avoided by the wind farm infrastructure. As noted in the
KMA (2011) report, there are virtually no wetlands in the area, other than farm dams and
some ephemeral wet areas near watercourses. There is no value in mapping these. The
“granite country”, containing rocky areas and some woodland, is identified as significant in
the KMA report and will be delineated in more detail in the Construction Environmental
Management Plan prior to any development taking place.

Methods employed in the study

The AWS report raises various issues with regard to the survey and assessment methods
(not methodologies as used in their report) employed in the study. The so-called
deficiencies arise because the authors have taken a very strict scientific approach to the
gathering of data. For practical reasons, a balance must be struck between the amount of
survey undertaken and the assumptions that one makes. Considerations are based on the
country being surveyed, the species involved, the habitats present and the type and scale of
the proposed development.

An acceptable approach is to undertake a reasonable amount of survey work, targeting
those areas likely to contain significant species, etc., and to make some assumptions about
habitat use. In our case, we assumed that some areas would be inhabitant by threatened
species even though we did not find them (e.g. woodland birds and quoll). We also knew
that the wind farm could readily be located without removing woodland or other habitat
important to threatened animals. Finally, the Construction Environmental Management
Plan and the proposed Superb Parrot survey ensure that no important issue is overlooked
at the detailed design stage.

The AWS report gives the impression that the wind farm area is covered in important
habitat for threatened species; this is clearly not the case. Obviously, if the vast majority of
the area was natural habitat then much more detailed surveys would have been
undertaken. The rural and highly modified character of the land dictates the way our
surveys and assessments were carried out, as they should.

3. Conclusion

The issues that have been raised above do not change our opinion about the potential
impact of the proposed Bodangora Wind Farm. In our opinion, our report adequately
assesses all important matters. Those matters that require further assessment at the
detailed design stage are highlighted in our recommendations.

All of the important matters raised in the submissions will be addressed further in the
Construction Environmental Management Plan and have not been omitted from further



consideration. The ability to micro-site the infrastructure is an important means of
avoiding impacts on important features raised in the submissions.

References

Australian Wildlife Services (undat.). Scientific Review of Flora and Fauna Assessment
Methodologies undertaken for the report Bodangora Wind Farm Environmental Assessment.
Prepared for Mike Lyons.

Kevin Mills & Associates (2011). Flora and Fauna Assessment, Bodandora Wind Farm, Shire
of Wellington, New South Wales. Prepared for Infigen Energy Pty Limited, Sydney, August.



‘9|qe|leAe dpeW I PaMaIA] 8q Ued synsaJ bulioyuow
9yl ‘siuswalinbal |9Ad] 8siou snoJauo Bulysijgelsa se paydadde Ajppim ase ssullpIND S ayl

saipadold |enpuapisal
1e spedwl 9sI9Ape ||13S 848 219y} ‘sauldpinb 8siou ulyum
Bbunelsado ale swiej puiM UBYM USA Jey} pajesisuowap
sey (VS) swie} puim 139||eH pue oolidlep Jo Buuonuon

()4

‘pa1oN

saduanbaly moj| 03 paledwod saduanbaly
ybiy 1e uonenusne jo aa1bap Jojealb e spinoid sbuipjing

O

"S2UI[PPIND VS Y} JO Spuswalinbai [aA9] asiou
pue yoeoidde ayy Buipuelsispun ul AHUNWWOD 3y} 1SIsse 03} papiroid sem uonelIsuowap ay |

uolbul||d M Ul S|9AS] punoubydeq buisixa ayl Ayizuspl
0} pajiey Puizeaw dignd 8y} 1B UOIjRIISUOWSP BSIOU By L

"J9MO] 8 ||IM ,S9dUBISWNDJID [B21D0]0I08}aW [eWlIOU,,
Japun sjaAd| asiou paldIpald Byl "SUOIHIPUOD BSBY} JOPUN SBUIPPIND VS 9y} 4O syuswalinbal
9AID3[qo By} analyde Ajises s|pAd| asiou paplpaid 8yl uonebedosd s8siou 01 SAIDNPUOD
SUOIIPUOD [eD1D0J0I03}BW UO Paseq dJe JUBWSSISSE SNUOS By} Ul S[aAd] asiou papipald ayl

papiroid ag pjnoys sadueiswndiid |edibojoiosaw
jo abues e ‘s9dURISWNDIID [EUWIOU JSPUN JOU ING OLeUdDS
9SED-1SIOM 3Y} Japun JUBWISSasSe SapInoJd JUSWISSISSe Y|

‘uoljewlojul [euoiyppe apiroid 01 syuomiau buinybram-o ayy pue bunybiam
-D 9y} 0} HodaJ 9y} UIYNM dpew Uaad OS|e Sey 9dUaJd)dy "WJej puim e Wolj dsiou 0} asuodsal
uewny ay3 syuasaidal } 3ey} siseq ay} UO UOLISYID paybiam-y Ue ysi|geisa saullaping vs oyl

s1oedwi Jo uoledIpul
anJ} e apinoid Jouued pue sapuanbaly Mo| sarenusne oyl
paybiam-y 8y} se Ajendiped ‘swiej puim UYlm pajeidosse
spedwi asiou 8y} jJo || ssalppe jou saop sasodind
9oueljdwod Jo juawssasse 10} anjea pajybleam-y ue Jo asn

‘uonebedoud Aouanbaiy moj sapnjpul [apow uonebedold €196 OS] pardadde ay |

uonebedoud asiou Aouanbauy
-Mo| Joj bBuunseaw ajenbapeur ase sppow Jandwod

"SUOIHPUOD UOISIdAUI a1njesadwa) Jo
puUIMUMOP JaY3Ia Juasaidal [opow €196 OS] Paidadde ay} ul pasn suoipuod [ed160j0l10a1aW ay |

Luonebedoid asiou 0} 8AIDNPUOD 1SOW, SI }ey}
sse|d> Ayljigels duaydsowsie ue 1oy uaAlb sI uoneue|dxa oN

"ZT0Z 42903120 6D/79€S Hodal snuos ay} 40 9T abed UO UOIIRINPOW UO UOISSNISIP 3y} O3 19}y

109})9 biag usp uea ayy
Buipnoul ‘passasse usaq JouU dAeY Sspedwl 93eqIadexs eyl
suolnipuod |ed160]010818W JO S8dUBLINI0 Jo Aduanbauy ayj

(w)z

"Hodai 8y} Ul passaippe Uaad 30U dABY SaUI| UOISSILUSURIY JOAO PUIM JO S}D8)4d dSIouU ay |

U] UOISSIWSURI} SY} WO} dSIOU UBl|0de
1o/pue euOJOd 'A}ijeUO} BInNSeaW }JOU PIP JUSWISSISSE dY|

(04

(V)gp G ueyy Jarealb Ajpuediyiubis

Bulaq sapede} ay) sSOIde UOIPNPaL BSIOU By} Yyum sbuljjamp pieoguayieam ueljesisny |edidAy
jo abuel e SSOIdE PIIONPUOD USA( Sey Builsa} ‘BuIpuBISUHMION '[9A3] BSIOU JOOPUI U dASIYdE
0} SaUIPPIND VS Y} UIYHM judwalinbal ou S| aJay} ‘Yans sy ‘buljjomp e jo Ayuawe diysnode
[euaul 8y} s3a304d Ajpusiayul Yydiym [9A9] JOOPINO SNOJBUO Ue YSIqeiss Sauljdping vs ayl
asuodsay snuosg

sjuswalinbal asiou Joopul

199w 1ou M sbulamp Ajbuipiodde pue sbuljjamp pleoq
Jayyeam ueljesisny [e21dAy Ul (y)gps — € Aluo aq o1 Ay si
sbuijjamp apisul uolenuaye asiou ey} sayiauap! Apnis auo
1amo| aq 0} A|9y|1| aJe saiuadoid apisul S|aAd| BSIOU JUIqUIY
pasiey sjuawiwod)

oNe
ERTEYETER]

all1Ald SNNOS A9 d3dVvd3dd ISNOJSIY




Sonus Pty Ltd

17 Ruthven Avenue
ADELAIDE SA 5000
Phone: 08 8231 2100
Facsimile: 08 8231 2122
WWW.SONnUs.com.au
ABN: 67 882 843 130

BODANGORA WIND FARM

ENVIRONMENTAL NOISE ASSESSMENT

S3627C9

October 2012



Bodangora Wind Farm
Environmental Noise Assessment
S3627C9

October 2012

Page ii

EXECUTIVE SUMMARY

The proposed Bodangora Wind Farm comprises 33 wind turbine generators and is located to
the north east of Bodangora NSW.

The Bodangora Wind Farm has been assessed against the Director General’s requirements

(DGRs) for operational noise and construction noise and vibration.

The operational noise has been assessed against the stringent South Australian
Environmental Noise Wind Farm Guidelines 2003 (the SA Guidelines). The SA Guidelines
require the predicted noise levels from the wind farm to be compared against criteria

developed from the measured background noise levels in the area.

The assessment has been based on the Vestas V112 3MW wind turbine generators. The
V112 turbines are predicted to achieve the SA Guidelines at all dwellings for the proposed

layout.

Based on the above, for any turbine with a sound power level and hub height that is equal to
or less than that assessed for the V112 turbines, the proposed layout can achieve the

stringent requirements of the SA Guidelines.

A construction noise and vibration framework has also been developed in this assessment to
achieve the relevant Director General's requirements for general construction activity,

transport and potential blasting activity.
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INTRODUCTION

Sonus Pty Ltd has been engaged by Infigen Energy to conduct an environmental noise
assessment of the proposed Bodangora Wind Farm, located near Bodangora, New South

Wales.

The Director-General’s Requirements (DGRs) dated 12" of November, 2010, specify that

the assessment must be conducted in accordance with the following guidelines:

e Wind Turbines — the South Australian Environment Protection Authority’'s Wind
Farms — Environmental Noise Guidelines (2003);

e Substation - NSW Industrial Noise Policy (EPA 2000);

e Site Establishment and Construction - Interim Construction Noise Guideline
(DECC 2009)

o Traffic Noise — Environmental Criteria for Road Traffic Noise (NSW EPA, 1999)

e Vibration — Assessing Vibration: A Technical Guideline (DECC, 2006); and,

e Blasting — Technical Basis for Guidelines to Minimise Annoyance Due to Blasting
Overpressure and Ground Vibration (ANZECC 1990).

Noise from the proposed wind farm has been predicted to residences in the vicinity based on
the 1ISO 9613" noise propagation model and sound power level data provided by the
proposed wind turbine generator manufacturer. The applicable environmental noise criteria
were determined based on the relevant guidelines and background noise monitoring
conducted at five residences in the vicinity of the wind farm. The locations of the turbines

and relevant receivers are provided in appendices A and B respectively.

' 1S0 9613-2:1996 “Acoustics — Attenuation of sound during propagation outdoors”
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DIRECTOR GENERALS REQUIREMENTS

The Director-General's Requirements (DGRs) dated 12" of November, 2010, specify the
relevant guidelines for which each aspect of wind farm noise is to be assessed against. A
copy of the relevant DGRs is provided in Appendix C.

Wind Farms - Environmental Noise Guidelines (2003)

In accordance with the DGRs, wind turbine noise is to be assessed against the South
Australian Environment Protection Authority’'s Wind Farms — Environmental Noise
Guidelines 2003 (the SA Guidelines).

Criteria

The SA Guidelines state:

The predicted equivalent noise level (Laeq10), adjusted for tonality in accordance with

these guidelines, should not exceed:

e 35dB(A), or
e The background noise level (Lago,10) by more than 5 dB(A)

Whichever is the greater, at all relevant receivers for each integer wind speed? from

cut-in to rated power of the WTG.

It is noted that if the wind farm noise contains tonal characteristics a 5 dB(A) penalty is to be

applied. In addition the SA Guidelines note that:

The criteria have been developed to minimise the impact on the amenity of premises

that do not have an agreement with the wind farm developers.

>Where wind speed is referenced in this report, it is taken to be the wind speed measured 10m above
the ground in accordance with the SA Guidelines, unless specifically noted otherwise
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Landowners with Commercial Agreements

The landowners of a number of residences have entered into commercial agreements with

the developers of the wind farm. These landowners are listed in appendix B.

As each of these landowners has an agreement with the wind farm developer, suitable noise
criteria for each residence will be agreed between the developer and the landowner.
However, to protect landholders with an agreement in this project from unreasonable
interference to amenity, reference is also made to the WHO Guidelines®. The WHO
Guidelines recommend an indoor level of 30 dB(A) is achieved to protect against sleep
disturbance. The indoor limit of 30 dB(A) equates to an outdoor noise level of 45 dB(A) with

windows open or 52 dB(A) with windows closed.

It is proposed that the noise at residences of landholders with an agreement will achieve the

recommendations of the WHO Guidelines.

Background Noise Monitoring

To determine the background noise level at various wind speeds, background noise levels
were measured at 5 locations in the vicinity of the proposed wind farm between the 16™ of
February and the 9" of March, 2011. The measurements were conducted in accordance with
the SA Guidelines.

The 5 monitoring locations (R12, R13, R14, R16, and R17) were selected based on initial
predictions of the wind farm noise, where preference was given to houses with the highest

predicted noise levels and without commercial agreements.

® “WHO Guidelines for Community Noise” World Health Organisation, 1999
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The background noise was measured with Rion NL21 type 2 sound level meters, calibrated
at the beginning and end of the measurement period with a Rion NC74 Calibrator. All
microphones were fitted with 90mm weather proof windshelds, with the microphone
approximately 1500mm above ground level. Each noise logger was positioned at an
equivalent distance from the facade of the dwelling as any significant trees at that location
whilst minimising the influence of fixed noise sources such as pumps. The background noise
level was measured in 10 minute intervals at each of the monitoring locations. Photographs

of the noise monitoring equipment at each location are provided in Appendix D.
During the background noise monitoring campaign Infigen Energy measured the wind speed
with locally positioned wind masts in 10 minute intervals at a height of 10m above ground, in

accordance with the SA Guidelines. Details of the wind masts are provided below in Table 1.

Table 1: Wind Mast Details

Mast ID Measurement Position (WGS84 — Zone55)
Heights (m) Easting Northing
Bodangora 1 82, 60, 40, 10 693989 6414345
Bodangora 2 80, 65, 40, 10 699512 6411983

During the background noise measurement periods, rainfall and wind speed at the
microphone height (approximately 1.5m above ground level) were also measured at
Residence R14, using a HOBO Micro Station Logger H21-002. The rainfall and wind speed
data collected were used to determine the periods when weather directly on the microphone
may have affected the background noise measurement. This noise data was discarded
before further analysis. The discarded data is for periods where rainfall was measured
and/or where the measured wind speed exceeded 5 m/s at the microphone for more than
90% of the measurement period. Table 2 summarises the number of useable data points at
each monitoring location, following the removal of wind data below the typical cut-in wind
speed of a wind turbine generator and the influence of weather. It is noted that the

Guidelines require a minimum of 2,000 data points.
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Table 2: Useable Data Points

Residence ID Representative Number of L_Jseable
Weather Mast Data Points
R12 Bodangora 2 2516
R13 Bodangora 2 2514
R14 Bodangora 2 2518
R16 Bodangora 1 2774
R17 Bodangora 2 2513

The resultant background noise data collected at the monitoring locations were correlated
with the wind speed measured by the wind mast, and a least squares regression analysis of
the data was undertaken to determine the line of best fit for the correlations in accordance
with the SA Guidelines. The data and the regression curves are shown in Appendix E.
Based on this regression analysis, the background noise level (Lago 10) at a range of wind

speeds within the operating range of the turbines is shown in Table 3 below.

Table 3: Background Noise Levels — 24hr (dB(A))

Wind Speed

1om AGIF(mIs) 3| 4|5 |6 |7 ]| 8|9 /|10]11]12
R12 30 | 29 | 29 | 31 | 33 | 35 | 38 | 41 | 44 | 46
R13 35 | 35 | 36 | 37 | 38 | 39 | 41 | 43 | 45 | 48
R14 28 | 28 | 29 [ 30 | 33 | 35 | 38 | 41 | 44 | 46
R16 32 |32 [ 32 [ 32 33|34 35| 37 | 39 | 41
R17 30 | 31 | 31 |32 |33 |34 |36 | 37 | 39 | 40

The Director General's Requirements include consideration of any difference in the
background noise level during the day and night time periods. The approach of the
Guidelines is to consider noise over a 24 hour period. Therefore, to satisfy the Director
General’s Requirements, correlations have also been made for each of the dwellings during
the day (7am to 10pm) and night (10pm to 7am) periods. The correlations for the day and
night periods are presented in Appendices F and G respectively, and the resultant

background noise levels are listed in Tables 4 and 5 below.
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Table 4: Background Noise Levels — Day (dB(A))
Wind Speed
10m AGL (m/s) 3 4 5 6 7 8 9 10 11 12
R12 30 30 30 32 34 37 40 | 42 | 45 | 47
R13 35 35 36 37 38 40 42 | 44 | 46 | 49
R14 29 29 30 31 34 36 39 | 42 | 45 | 47
R16 33 33 34 36 38 40 43 | 46 | 48 50
R17 33 33 34 35 36 37 38 | 40 | 41 42
Table 5: Background Noise Levels — Night (dB(A))
Wind Speed
10m AGL (m/s) 3 4 5 6 7 8 9 10 11 12
R12 29 28 28 29 30 33 35 38 | 41 44
R13 34 35 36 36 37 38 40 | 41 44 | 46
R14 27 27 27 29 31 34 37 | 40 | 43 | 45
R16 29 29 30 32 36 39 42 | 44 | 45 | 44
R17 27 27 27 27 28 29 30 32 34 36

From the above, the assessment criteria at each residential location have been determined
for both associated (with an agreement) and non-associated (without an agreement) land
holders, summarised in Appendix H. In order to account for the difference between the
measured day and night background noise levels, the criteria have been developed based
on the generally lower night time background noise levels. This is conservative (more
stringent) when compared to the requirements of the SA guidelines. In addition, where
background noise monitoring has not occurred at a dwelling, the lowest measured
background level at any of the 5 locations has been used to derive the criteria, also a

conservative (more stringent) approach.
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Substation Noise

To assess substation noise in accordance with the DGRs, the New South Wales

Environment Protection Authority’s Industrial Noise Policy 2000 (the INP), is referenced.

The INP establishes objective criteria based on the existing ambient noise environment and
the envisaged amenity of the area. The most stringent criteria provided by the two methods
are selected. If the noise levels are exceeded, then all reasonable and practicable noise

reduction measures should be implemented.

In accordance with the INP, the Rating Background Level (RBL) is used to characterise the
existing ambient noise environment for each of the day, evening and night periods. The RBL
is determined from the lower tenth percentile of the Lago noise level in the environment and
effectively represents the “lulls”. That is, the RBL effectively “selects” the quietest periods at
the monitoring locations. Where the RBL is measured to be below 30 dB(A), then it is set to
30 dB(A).

The ambient noise environment was monitored at five residences in the vicinity of the wind
farm, as described for the SA Guidelines. The RBL for each monitoring location and for each

time period is provided in Table 6 below.

Table 6: RBL at Background Monitoring Locations

RBL R12 R13 R14 R16 R17
Day 30 30 30 31 30
Evening 30 30 30 31 30
Night 30 30 30 30 30

The INP requires that noise from industrial sources should not exceed the measured RBL by
more than 5 dB(A). Therefore the most stringent criterion in accordance with the INP’s
ambient noise method is 35 dB(A).



Bodangora Wind Farm
Environmental Noise Assessment
S3627C9

October 2012

Page 8

The INP also provides criteria based on the envisaged amenity of an area. Table 7 lists the
recommended noise levels from industrial noise sources in order to protect the “noise

amenity” of dwellings in a rural environment.

Table 7: Recommended L,.q Noise Levels from Industrial Noise Sources

Time of Day Recommended L4 Noise Level, dB(A)
Acceptable Recommended Maximum
Day 50 55
Evening 45 50
Night 40 45

Based on the above, the INP requires that noise from the proposed substation is no greater

than 40 dB(A) at dwellings in the vicinity of the substation.

The INP applies the most stringent of the ambient and amenity based criteria, which in this
case is 35 dB(A). In addition, if the noise is found to have a character that has the potential
to be more annoying, such as tonality, modulation or dominant low-frequency content, a
modifying correction factor is to be applied to the measured level. A substation has the
potential to exhibit tonality, however, based on the predicted noise levels such a
characteristic is unlikely to be audible at the nearest residential locations. Notwithstanding, it
is recommended that a conservative approach is adopted, and a 5 dB(A) correction is

applied to the relevant criteria to allow for the presence of an annoying characteristic.

Therefore, in order to achieve the criteria provided by the INP, it is recommended that noise

from the proposed substation achieves a level of 30 dB(A) at all residential locations.

Construction Noise

The construction of a wind farm comprises activities such as road construction, civil works,
excavation and foundation construction, electrical infrastructure works and turbine erection
requiring processes such as heavy vehicle movements, crushing and screening, concrete
batching, loaders, excavators, generators, cranes and, subject to local conditions, possibly

blasting.
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To assess construction noise in accordance with the DGRs, the Department of Environment
& Climate Change, Interim Construction Noise Guideline 2009 (the ICN Guideline), is

referenced.

The ICN Guideline provides an emphasis on implementing “feasible” and “reasonable” noise
reduction measures and does not set mandatory objective criteria. However, the ICN
Guideline does establish a quantitative approach, whereby “management levels” are defined
based on the existing RBL. The management levels as defined by the ICN Guideline are

provided below in Table 8.

Table 8: Interim Construction Noise Guideline — Management Levels

Recommended | Noise The noise affected level represents the point above which there may be
standard hours: | affected some community reaction to noise.
RBL + 10 dB

Monday to Friday e Where the predicted or measured Laeq 15 min) iS greater than the

7amto 6 pm noise affected level, the proponent should apply all feasible and
reasonable work practices to meet the noise affected level.

Saturday e The proponent should also inform all potentially impacted residents

8amto 1 pm of the nature of works to be carried out, the expected noise levels
and duration, as well as contact details.

No work on Highly noise | The highly noise affected level represents the point above which there

Sundays or affected may be strong community reaction to noise.

public holidays 75 dB(A)

e Where noise is above this level, the relevant authority (consent,
determining or regulatory) may require respite periods by
restricting the hours that the very noisy activities can occur, taking
into account:

1. times identified by the community when they are less sensitive
to noise (such as before and after school for works near
schools, or mid-morning or mid-afternoon for works near
residences

2. if the community is prepared to accept a longer period of
construction in exchange for restrictions on construction times.

Outside Noise e A strong justification would typically be required for works outside

recommended affected the recommended standard hours.

standard hours | RBL+5dB | e The proponent should apply all feasible and reasonable work
practices to meet the noise affected level.

e Where all feasible and reasonable practices have been applied
and noise is more than 5 dB(A) above the noise affected level, the
proponent should negotiate with the community.
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Traffic Noise

In accordance with the DGRs, traffic noise associated with the construction of the wind farm
is to be assessed against the NSW Environment Protection Authority, Environmental Criteria
for Road Traffic Noise (ECRTN).

Traffic noise criteria are provided for a range of scenarios. The most appropriate
classification for the Bodangora Wind Farm construction site and its associated traffic is
considered to be “land use developments with the potential to create additional traffic on
local roads”. However, it should be noted that this criteria applies to an ongoing operation,
as distinct to a temporary construction process and as such provides a conservative (more

stringent) approach.

The criteria are equivalent (Laeq 1hour) NOISe levels of no greater than 55 dB(A) during the
daytime (7am to 10pm) and 50 dB(A) during the night (10pm to 7am). This noise level is to

be achieved outside, at a distance of 1.5m from the facade of a dwelling.

Blasting

The DGRs specify that blasting should be assessed against the Technical Basis for
Guidelines to Minimise Annoyance Due to Blasting Overpressure and Ground Vibration,
ANZECC 1990, (the Blasting Guidelines).

The Blasting Guidelines provide the following recommended criteria:

e Peak sound pressure level of 115 dBL for 95% of blasts over a 12 month period, and
a maximum level of 120 dBL.

o Peak particle velocity of 5mm/s for 95% of blasts over a 12month period, and a
maximum velocity of 10mm/s

e Blasting should generally only be permitted during the hours of 9am to 5pm Monday

to Saturday. Blasting should not take place on Sundays or Public Holidays.
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Construction Vibration

To assess construction vibration levels in accordance with the DGRs, the DECC document
“Assessing Vibration: A Technical Guideline”, February 2006 (the Technical Guideline) is

referenced.

The Technical Guideline provides an emphasis on construction activity implementing
feasible and practicable vibration reduction measures and does not set mandatory standards

or objective criteria.

The Technical Guideline does establish a quantitative approach, whereby goal vibrations
levels are established based on human response to continuous, intermittent and impulsive
vibration. Continuous vibration is uninterrupted for an extended period of time. Intermittent
vibration is an interrupted form of continuous vibration, and impulsive vibration is a sudden

event or events.

For construction activity occurring during the day time, the Technical Guideline can be
interpreted to provide the following vibration criteria at the dwellings, based on the core
document used as the technical basis for the Guideline, the British Standard BS 6472-1992

“Evaluation of human exposure to vibration in buildings (1-80Hz)”:

Table 9: Vibration Criteria

Continuous mm/s? Impulsive mm/s? Intermittent m/s""®
Vertical (rms) Vertical (rms) Vibration Dose Value
10-20 30-60 0.2-04

Continuous and impulsive vibration criteria are provided as “rms” values for acceleration.
The term “rms” relates to a mathematical process that is regularly performed on varying
noise and vibration signals to assist in their expression, quantification and comparison. The
“rms” value for acceleration is expressed in millimetres per second squared (mm/s®). The
intermittent vibration criterion is derived from a prescribed mathematical process performed

1.75

on the results and therefore its quantity and units (m/s""°) differ from those for continuous

and intermittent vibration.
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Noise from the wind farm has been predicted based on the use of Vestas V112 3MW model

turbines. The proposed wind farm consists of 33 turbines with the coordinates of each given

in Appendix A.

The predictions of the turbine noise have been based on manufacturers warranted sound

power level data. Vestas have also provided octave band sound power levels for low wind

speeds, where low background noise levels result in the most stringent criteria. Table 10

contains the sound power levels for the Vestas V112 turbines.

Table 10: Vestas V112 Sound Power Levels (dB(A))

Octave Band Centre

Wind Speed (m/s)

Frequency (Hz) 4 5 6 7 8 9 10
31.5 69.6 72.7 76.7 77.6 77.2 76.0 76.6

63 79.7 83.1 87.4 89.9 89.9 89.0 89.6

125 86.6 90.4 93.9 95.7 95.4 94.6 95.8

250 89.5 93.6 96.2 97.8 96.0 94 .4 94.8

500 91.8 96.1 99.2 100.1 98.5 96.8 96.8
1000 93.7 97.8 101.4 101.9 101.3 100.3 100.7
2000 92.6 97.3 98.3 98.8 99.2 98.9 99.7
4000 87.0 91.4 92.5 92.1 94.3 94.0 95.6
8000 71.0 75.9 80.9 80.7 84.1 84.6 87.3
Warranted Total 98.8 103.1 105.8 106.6 106.0 105.1 105.8

It is not expected that the proposed turbines will contain tonal characteristics as this is

required to be reported on as part of the sound power level testing procedure conducted in

accordance with the relevant international standard®. To provide certainty, the developer

may seek the manufacturer to guarantee the turbines do not result in tonal characteristics at

the location of the dwellings. The predictions have been performed without a penalty for the

presence of tonal characteristics.

* |EC 61400-11 Wind turbine systems — Part 11: Acoustic noise measurement techniques
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As well as separately considering noise from the substation against the INP, noise from the
substation has been included in the wind turbine noise predictions. It is proposed that a 100-
120MVA transformer (33-132kV) is to be located in the position listed in Appendix A. The
sound power levels of the transformers have been derived from the Australian Standard

AS2374.6-1994°. Table 11 lists the octave band sound power levels of the transformers.

Table 11: 100-120MVA (33-132kV) Transformer, Sound Power Levels (dB(A))

Octave Band
Centre Frequency | 63 125 250 500 | 1000 | 2000 | 4000 | 8000 | Total
(HZ)

SWL (dB(A)) 82.0 | 90.1 | 97.6 | 100.0 | 92.2 | 894 | 822 | 78.1 | 1029

ISO 9613-2:1996

Noise predictions were conducted using the propagation model, ISO 9613-2:1996 “Acoustics
— Attenuation of sound during propagation outdoors” (ISO 9613). This noise propagation
model is widely accepted as an appropriate model for the assessment of wind farms when
appropriate inputs are used. The ISO 9613 model has the ability to take into account the
distance between the source and receiver, topography, hardness of the ground and

atmospheric absorption at different frequencies.

The I1SO 9613 model is based on “meteorological conditions favourable to
propagation....... These conditions are for downwind propagation.....or, equivalently,
propagation under a well developed moderate ground based temperature inversion” (ISO-
9613). A temperature inversion relates to an atmospheric stability class that is most

conducive to noise propagation.

> Australian Standard AS2374.6-1994, Power Transformers Part 6: Determination of transformer and
reactor sound levels.
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The assessment has been based on the following inputs, agreed upon by UK experts® in a

joint paper:

e Warranted sound power levels

e 10°C temperature

e 70% relative humidity

e 50% acoustically hard ground and 50% acoustically soft ground
e Barrier attenuation of no greater than 2 dB(A)

e 4m receiver height

Predicted Turbine Noise Levels

The predicted noise from the wind farm has been assessed against the relevant criteria
according to the SA Guidelines. Appendix H lists the predicted noise from the turbines and
the criteria for each residence at each relevant wind speed. Based on the predicted noise
levels shown in Appendix H, the turbines are predicted to comply with the relevant criteria at
all residences (both with and without an agreement) for all wind speeds. The criteria are

easily achieved for all residences without an agreement.

To supplement the assessment summary in Appendix H, a noise contour map has been
included as Appendix |I. The contour map has been generated for the wind speed associated

with the highest sound power level of the Vestas V112 model turbine (7m/s).

Substation

Noise from the substation has been included into the wind farm predictions. At the worst
case residence (closest to the proposed substation location) the predicted substation noise
is 26 dB(A). This level easily achieves the conservative criteria of 30 dB(A) developed under
the INP, and as such will not adversely impact on the amenity of residences in the locality of

the wind farm.

® Institute of Acoustics Vol 34 No2 March/April 2009, “Prediction and Assessment of Wind Turbine
Noise — Agreement about relevant factors for noise assessment from wind energy projects”
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Cumulative Impacts

The SA Guidelines have been widely described as one of the most stringent assessment
approaches of any jurisdiction in the World. The baseline criterion of 35 dB(A) is set at least
5 dB(A) less than the New Zealand Standard 1998 baseline used in Victoria and 10 dB(A)
less than the World Health Organisation’s (WHO) recommendation for the prevention of

sleep disturbance effects.

Due to their stringency, the SA Guidelines explicitly account for the cumulative effect of other
wind farms. The baseline criterion specified by the SA Guidelines accounts for cumulative

impacts according to the following:

The base noise level is typically 5 dB(A) lower than the level considered to reflect the
amenity of the receiving environment. Designing new developments at a lower level
accounts for the cumulative effect of noise from other similar development and for the

increased sensitivity of receivers to a new noise source.

Section 2.5 of the SA Guidelines is titled “Cumulative Development”, this section is repeated

below:

Separate wind farm developments in close proximity to each other may impact on the

same relevant receiver.

Therefore, as for staged development, any additional wind farm that may impact on
the same relevant receiver as an existing wind farm should meet the criteria using
the background noise levels as they existed before the original wind farm site
development. The noise generated by existing WTGs from another wind farm should
not be considered as part of the background noise in determining criteria for

subsequent development.
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Modulation

Amplitude modulation, or “swish”, is an inherent noise character associated with wind farms.
The SA Guidelines explicitly account for “swish” as a fundamental characteristic of noise
from a wind farm regardless of its depth, provided that it is generated by a properly

maintained and operated wind turbine or wind farm.

The ability to hear “swish” depends on a range of factors. It will be most prevalent when
there is a stable environment (temperature inversion) at the wind farm and the background
noise level at the listening location is low. In addition, “swish” is greater when located cross
wind from a wind turbine. It is noted that whilst the amplitude modulation is greater at a cross
wind location, the actual noise level from the wind farm will be lower than at a corresponding
downwind location (the predicted noise levels conservatively assume that each residence is

located downwind of all turbines).

The conditions noted above are most likely to occur when wind speeds at the wind farm are
low under a clear night sky. The Van Den Berg effect is an increase of the modulation depth
from a wind farm under very specific meteorological and operational conditions which

include those conditions described above.

The Van Den Berg effect was observed on a flat site in Europe under specific conditions and
in the two matters before the NSW Land and Environment Court (Gullen Range wind farm
NSW LEC 41288 of 2008 and Taralga wind farm NSW LEC 11216 of 2007), it has been
determined by the relevant meteorological experts that the required meteorological
conditions to trigger the effect were not a feature of the environment. In Gullen Range (NSW
LEC 41288 of 2008), the meteorological analysis prepared by Dr Chris Purton concluded
that suitable conditions for this effect were not a feature because of the elevated ridgeline
location of the wind farm (Purton, evidence NSW LEC 41288 of 2008).
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If suitable conditions did exist to regularly generate high levels of swish, then there is no
scientific research to indicate that the stringent SA Guidelines do not adequately account for
it. Indeed, given the conditions are more likely to occur at night, then sleep disturbance
would be the main issue to address, and the noise standards applied by the SA Guidelines
to wind farms are significantly more stringent than limits established for the potential onset of

sleep disturbance.

In addition, the SA Guidelines inherently account for “swish” and compliance with the SA
Guidelines will provide an adequate level of protection for the amenity of the surrounding
area due to their stringency. The Bodangora wind farm assessment provides for a more
stringent approach than that required by the SA Guidelines by considering background noise

levels during the night time period only.

Low Frequency Noise

Noise sources that produce low frequency content, such as a freight train locomotive or
diesel engine; have dominant noise content in the frequency range between 20 and 200 Hz.

Low frequency noise is often described as a “rumble”.

Aerodynamic noise from a wind turbine is not dominant in the low frequency range. The
main content of aerodynamic noise generated by a wind turbine is often in the area known

generically as the mid-frequencies, being between 200 and 1000Hz.

Noise reduces over distance due to a range of factors including atmospheric absorption.
The mid and high frequencies are subject to a greater rate of atmospheric absorption
compared to the low frequencies and therefore over large distances, whilst the absolute level
of noise in all frequencies reduces, the relative level of low frequency noise compared to the
mid and high frequency content increases. For example, when standing alongside a road
corridor, the mid and high frequency noise from the tyre and road interaction is dominant,
particularly if the road surface is wet. However, at large distances from a road corridor in a
rural environment, the remaining audible content is the low frequency noise of the engine

and exhaust.
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In addition to this effect, wind farms are located in an environment that includes masking

noise in the mid and high frequencies, such as that produced by wind in nearby trees.

At a distance from a wind farm, in an ambient environment where wind in the trees is
present, it is therefore possible that only low frequencies remain audible and detectable,

albeit at very low levels.

Low frequency sound produced by wind farms is not unique in overall level or content. Low
frequency sound can be easily measured and heard at a range of locations at levels well in
excess than in the vicinity of a wind farm. Compliance with the SA Guidelines will therefore
inherently provide an adequate level of protection of amenity in the surrounding area from

low frequency noise impacts.

Notwithstanding, predictions of the C-weighted noise level (the C-weighting is used to
indicate low frequency content) at residences have been made based on the warranted
sound power level spectral data for the V112 turbines down to 31.5Hz, and an estimate of
the sound power level of the V112 turbines in the 16 Hz octave band, based on measured

levels in the vicinity of an operating wind turbine.

Based on the above, at the closest non-associated residence it is predicted that low
frequency noise will be less than 52 dB(C) at any wind speed. This predicted level is
significantly below that required to prompt a detailed analysis in accordance with the Draft
NSW Planning Guidelines for Wind Farms, which sets threshold levels of 65 dB(C) during
the day and 60 dB(C) during the night.

Infrasound

Infrasound is generally defined as noise at frequencies less than 20 Hz. The generation of
infrasound was detected on early turbine designs, which incorporated the blades ‘downwind’
of the tower structure. The mechanism for the generation was that the blade passed through

the wake caused by the presence of the tower.



Bodangora Wind Farm
Environmental Noise Assessment
S3627C9

October 2012

Page 19

Modern turbines locate the blades upwind of the tower and it is found that turbines of

contemporary design produce much lower levels of infrasound.

Infrasound is often described as inaudible, however, sound below 20 Hz remains audible
provided that the sound level is sufficiently high. The thresholds of hearing for infrasound
have been determined in a range of studies. Non-audible perception of infrasound through
felt vibrations in various parts of the body only occurs at levels well above the threshold of

hearing.

Weighting networks are applied to measured sound pressure levels to adjust for certain
characteristics. The A-weighting network (dB(A)) is the most common, and it is applied to
simulate the human response for sound in the most common frequency range. The A-
weighting network is used by the SA Guidelines. The G-weighting network has been
standardised to determine the human perception and annoyance due to noise that lies within

the infrasound frequency range.

A common audibility threshold from the range of studies is an infrasound noise level of
85 dB(G) or greater. This is used by the Queensland Department of Environment and
Resource Management’s (DERM'’s) draft Guideline for the assessment of low frequency
noise as the acceptable level of infrasound in the environment from a noise source to protect
against the potential onset of annoyance and is consistent with other approaches, including
the UK Department for Environment, Food and Rural Affairs (DEFRA).

Whilst the aerodynamic noise from a rotating turbine blade produces energy in the
infrasound range, a large range of measurements of infrasound noise emissions from
modern upwind turbines indicates that at distances of 200 metres, infrasound is in the order
of 25 dB below the recognised perception threshold of 85 dB(G). A 25 dB difference is
significant and represents at least a 100 fold difference in energy content. Infrasound also
reduces in level when moving away from the source, and separation distances between wind

farms and dwellings are well in excess of 200m.
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Notwithstanding the above, there are natural sources of infrasound including wind and
breaking waves, and a wide range of man-made sources such as industrial processes,
vehicles and air conditioning and ventilation systems that make infrasound prevalent in the
natural and urban environment at a similar or greater level than that regularly measured

within 200m of a modern wind turbine.

Contingency Strateqy

The DGR’s require that a contingency strategy exists in the event of commissioned turbine
noise exceeding the noise predictions. It is noted that the Vestas V112 have several
operating modes which produce lower noise levels than that of the mode used in this

assessment (the highest noise generating mode).

Therefore, in the event of commissioned turbine noise exceeding the predicted noise,
opportunities exist to reduce the noise of the turbines using lower noise modes that can be
implemented under certain operating conditions. Notwithstanding, the predictions are based
on conservative (higher noise level) modelling assumptions as a means of reducing the

potential for commissioned turbine noise levels to exceed the predictions.

Construction Noise

The equipment and activities on site will vary throughout the project, depending on various
stages of construction. The predicted noise from construction activity is presented as a worst
case (highest noise level) scenario, where it is assumed all equipment is present and
operating simultaneously on site for each stage of construction.

The weather conditions used for the predictions are the most conducive for the propagation
of noise, comprising of an overcast day with a breeze from the construction activity to the
receiver. Other weather conditions would result in lower noise levels than those predicted for

daytime construction.

The separation distance is approximately that of the closest non-associated dwelling to a
proposed WTG. Greater distances than 2000m will result in lower noise levels than that

presented below in Table 12.
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Table 12: Predicted Construction Noise Levels at 2000m

Phase Main Plant and Equipment Predicted Noise Level
Generators
Site Set-Up and Civil Works Trﬁxscg‘:/r;g‘r‘gks 37 dB(A) at 2000m

Low Loaders

Mobile crushing and screening plant
Dozers
Rollers

Road and Low loaders
Hard Stand Construction Tipper trucks
Excavators
Scrapers
Transport trucks

44 dB(A) at 2000m

Concrete batching plant
Mobile crushing and screening plant
Truck-mounted concrete pumps

Excavation and Concrete mixer trucks
foundation construction Excavators 43 dB(A) at 2000m
Front End Loaders
Mobile Crane
Transport trucks
Tipper trucks

Earthing Percussion drilling rig 42 dB(A) at 2000m

Concrete trucks
Low loaders
Electrical Installation Tipper trucks 42 dB(A) at 2000m
Mobile Crane
Rock trenchers

Extendable trailer trucks
Turbine Delivery and Erection Low loaders 37 dB(A) at 2000m
Mobile crane

Based on the predicted noise levels, it is expected that construction noise will be greater
than 10 dB(A) above the RBL and less than 75 dB(Lae,) at a distance of 2000m. In
accordance with the ICN Guideline it is expected that a dwelling 2000m from construction
activity may be “noise affected” but not “highly noise affected”. Therefore, the developer
should apply all feasible and reasonable work practices to meet the noise affected level, and

should inform any impacted residents of the proposed construction work.
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“Feasible and reasonable” noise control strategies to minimise noise during construction
may include engineering measures such as the construction of temporary acoustic barriers,
the use of proprietary enclosures around machines, the use of silencers, the substitution of
alternative construction processes and the fitting of broadband reversing signals. It may also
include administrative measures such as inspections, scheduling and providing training to

establish a noise minimisation culture for the works.

The following mitigation measures are recommended to be implemented for the construction

works:

Scheduling

Construction works, including heavy vehicle movements into and out of the site, restricted to
between 7am and 6pm Monday to Friday, and between 8am and 1pm on Saturdays. Works
carried out outside of the hours will only entail:
o works that do not cause noise emissions to be audible at any nearby residences not
located on the site; or
o the delivery of materials as requested by Police or other authorities for safety
reasons; or
e emergency work to avoid the loss of lives, property, and/or to prevent environmental

harm.
If any other works are required outside of the specified hours, they will only be carried out
with the prior consent of the New South Wales Department of Environment and Climate

Change and Water.

Location of Fixed Noise Sources

Locate fixed noise sources such as crushing and screening plant, concrete batching plant,
percussion drilling rigs and generators and compressors at the maximum practicable
distance to the nearest dwellings, and where possible, use existing landforms to block line of

sight between the equipment and the dwelling.
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Provide Acoustic Screens Around Fixed Noise Sources

Provide acoustic screens or mounding for fixed crushing and screening plant, concrete
batching plant and percussion drilling rigs wherever these noise sources are located within
1200m of a non-associated dwelling and do not have direct line of sight blocked to that
dwelling, in accordance with the following requirements:

e Locate as close as practicable to the noise source;

e Construct from mounding using excavated soil from the site, or a material with a
minimum surface density of 10 kg/m?, such as 1.2mm thick sheet steel or 9mm thick
compressed fibre cement sheeting;

o Construct to a minimum height that blocks direct line of sight between the noise
source and any receiver within the 1200m limit;

e Construct such that there are no air gaps or openings at joints;

e Extend such that the length is at least 5 times greater than its height or so that it is
bent around the noise source;

e If barriers (rather than mounding from excavated soil) are constructed, then include
acoustic insulation facing into the noise source in accordance with the following

detail.

Weatherproof
capping over battens

50mm thick acoustic insulation with a minimum
density of 32 kg/m3 fixed to screen
between battens

Noise Source

Perforated sheet steel with an open area >
15%. Maintain a minimum separation
distance of 50mm to the insulation for
weatherproofing

Acoustic screen — the height should be such that
direct line of sight between the noise source and
the receiver is blocked as a minimum
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In addition, the site topography, and other shielding features (e.g. large stationary machines,
mounds of topsoil and piles of materials) should be used to an advantage in terms of

increased shielding when locating fixed noise sources within the 1200m distance.

Enclose Generators and Compressors

Provide proprietary acoustic enclosures for site compressors and generators.

Alternative Processes

Investigate and implement alternative processes where feasible and practicable, such as
hydraulic or chemical splitters as an alternative to impact rock breaking, or the use of
broadband reversing alarms in lieu of the high pitched devices. A broadband reversing alarm
emits a unique sound which addresses the annoyance from the high pitched devices. The
fitting of a broadband alarm should be subject to an appropriate risk assessment, with the
construction team being responsible for ensuring the alarms are installed and operated in

accordance with all relevant occupational, health and safety legislative requirements.

Site Management

e Select and locate centralised site activities and material stores as far from noise-
sensitive receivers as possible;

e Care should be taken not to drop materials such as rock, to cause peak noise events,
including materials from a height into a truck. Site personnel should be directed as
part of an off-site training regime to place material rather than drop it;

e Plant known to emit noise strongly in one direction, such as the exhaust outlet of an
attenuated generator set, shall be orientated so that the noise is directed away from
noise sensitive areas if practicable;

e Machines that are used intermittently shall be shut down in the intervening periods
between works or throttled down to a minimum;

¢ Implement worksite induction training, educating staff.
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Equipment and Vehicle Management

Ensure equipment has Original Equipment Manufacturer (OEM) mufflers installed;
Ensure equipment is well maintained and fitted with adequately maintained silencers
which meet the OEM design specifications. This inspection should be part of a
monitoring regime;

Ensure silencers and enclosures are intact, rotating parts are balanced, loose bolts
are tightened, frictional noise is reduced through lubrication and cutting noise
reduced by keeping equipment sharp. These items should be part of a monitoring
regime;

Use only necessary power to complete the task;

Inspect, as part of a monitoring regime, plant and equipment to determine if it is

noisier than other similar machines, and replace or rectify as required.

Community Consultation

The developer should implement the following noise and vibration elements into the overall

community consultation process. The aim of the consultation is to ensure adequate

community awareness and notice of expected construction noise.

The minimum elements should include:

Regular Community Information newsletters, providing details of the construction
plan and duration of the construction phases;

A site notice board in a community location providing copies of the newsletters,
updated construction program details, and contact details of relevant project team
members and an ability to register for email updates of the newsletter;

A feedback mechanism for the community to submit questions to the construction
team, and for the construction team to respond;

Regular updates on the construction activities to local authorities to assist in
complaint management if necessary;

Contact details of the project manager and / or site “Environmental Representative”.
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In addition, prior to any blasting activity, or construction activity occurring within 1000m of a
non-associated dwelling, or significant construction traffic periods or impacts on local road
conditions:

o Contact the local community potentially affected by the proposed works and inform
them by letter of the proposed work, the location of the work, the day(s) and date(s)
of the work and the hours involved’

e This contact shall be made a reasonable time before the proposed commencement
of the work; and

e The letter should provide the contact details of the project manager and / or site

“‘Environmental Representative”.

Project Mitigation Measures in Context

It is unlikely that the above measures will result in meeting the construction noise goals at all
times due to the stringency of these goals, and the variable nature of construction activity.
However, they will serve to reduce the impacts and represent the extent of feasible and

practicable noise reduction measures in accordance with the ICN Guidelines.
The above measures should be incorporated and implemented through a Construction Noise
Management Plan for the site. The Plan should include the following additional elements and

associated control provisions:

Construction Traffic

Construction activity will incorporate passenger vehicle and heavy vehicle movements to and
from the site along local roads in the vicinity of the wind farm. These vehicles will include
semi-trailers, low loaders, haulage trucks, mobile cranes, water tankers, four-wheel-drive

vehicles and passenger vehicles.

"It is preferable to overestimate the hours of work, rather than extending the work hours for longer
than anticipated.
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The daytime criterion provided by the ECRTN is an equivalent (Laeq 1hour) NOiSe level of
55 dB(A) during any given hour. It is predicted that a distance of 10m from the road side the
criterion can be achieved for 10 passenger vehicle movements and 3 heavy vehicle
movements in one hour. The number of vehicle movements can double for every doubling of
distance from the roadside and continue to achieve the 55 dB(A) criterion. That is, 20
passenger vehicles and 6 heavy vehicle movements could be accommodated in an hour at a
dwelling that is 20m from the roadside. It is noted that care should be taken to avoid the

acceleration of trucks and the use of truck engine brakes in close proximity to dwellings.

In accordance with the general principles of dealing with temporary construction noise
impacts as compared to permanent operational noise, where the ECRTN is exceeded, the

following mitigation measures should be employed to reduce construction traffic noise:

¢ Communicate with the affected community in accordance with the provisions above;

e Establish and maintain a route into the site so that heavy vehicles do not enter noise
sensitive areas for access where practicable;

e Incorporate information regarding the route to all drivers prior to accessing the site
and the need to minimise impacts through driver operation at certain locations;

e Schedule construction traffic deliveries such that it is as evenly dispersed as
practicable;

e Restrict construction to the daytime operating hours for the construction site, subject

to the scheduling caveats in the Construction Noise Management Plan.

Blasting

It is understood that minimal blasting is likely to occur during construction of the Bodangora
Wind Farm. Notwithstanding, the separation distances between the potential blasting activity
and the nearest dwellings are of the order of magnitude for which ground vibration and

airblast levels have been adequately controlled at other sites.
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Given the range of factors associated with both the generation and control of blasting, it is
recommended that in the event of blasting occurring, a monitoring regime is implemented to
ensure compliance with the Blasting Guidelines. Monitoring is a common control measure

around sites where blasting occurs.

Construction Vibration

It is expected that the main sources of vibration will be the drilling rigs where required, rock
trenching equipment and roller operation during the road and hard stand construction. The
level of vibration at a distance will be subject to the energy input of the equipment and the
local ground conditions. Typically, the distances required to achieve the construction
vibration criteria provided in the Technical Guidelines are in the order of 20m to 100m. The
100m distance is a conservative estimate, with vibration from these activities unlikely to be

detectable to humans at such a distance.

Based on the separation distances between the construction activities and the nearest
dwellings being well in excess of the conservative distance of 100m, vibration levels are

expected to easily achieve the criteria.

If construction activities do occur within 100m of a dwelling, as might occur with some limited
areas of new road construction, it is recommended that a monitoring regime is implemented

during these times to ensure compliance with the Technical Guidelines.
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CONCLUSION

An environmental noise and vibration assessment of the construction and operation of the

Bodangora Wind Farm, comprising up to 33 turbines, has been made.

The assessment considered the Director General’s requirements (DGRs) for noise and
vibration and compared the proposal against the following:
e Wind Turbines — the South Australian Environment Protection Authority’s Wind
Farms — Environmental Noise Guidelines (2003);
e Substation - NSW Industrial Noise Policy (EPA 2000);
e Site Establishment and Construction - Interim Construction Noise Guideline
(DECC 2009)
o Traffic Noise — Environmental Criteria for Road Traffic Noise (NSW EPA, 1999)
e Vibration — Assessing Vibration: A Technical Guideline (DECC, 2006); and,
e Blasting — Technical Basis for Guidelines to Minimise Annoyance Due to Blasting
Overpressure and Ground Vibration (ANZECC 1990).

Construction activity is addressed through the establishment of a construction noise and
vibration framework, developed to achieve the relevant DGRs for the adequate control of
noise and vibration from general construction activity, transport and potential blasting

activity.

The operation of the wind farm has been considered against the stringent SA EPA
Guidelines (the SA Guidelines) for Vestas V112 3MW turbines. It is predicted that the wind

farm will achieve the Guidelines at all dwellings for the proposed layout.

Based on the above, for any turbine with a sound power level and hub height that is equal to
or less than that assessed for the V112 turbines, the proposed layout can achieve the

stringent requirements of the SA Guidelines.

In addition, through compliance with the SA Guidelines, the cumulative impacts of other wind
farms in the vicinity and impacts from special characteristics such as “swish” and low

frequency noise will be adequately addressed, as detailed in this report.
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Based on the above, with the implementation of a construction noise and vibration
management plan and for the proposed 33 turbine layout as considered in this assessment,
the construction and operation of the proposed Bodangora Wind Farm achieves the Director

General’s requirements.
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Appendix A: Location of Operational Noise Sources

Turbine ID | Easting Northing | Turbine ID | Easting Northing
WTG-10 690990 | 6411498 | WTG-31 694025 | 6414477
WTG-12 698211 6412679 | WTG-32 693448 6416362
WTG-13 698831 6413115 | WTG-33 693423 6415324
WTG-15 695291 6414133 | WTG-34 693346 6411867
WTG-16 697255 | 6411811 | WTG-35 693193 6411552
WTG-17 699713 | 6412565 | WTG-36 692829 | 6414961
WTG-18 699560 | 6411787 | WTG-37 692599 | 6411960
WTG-19 699518 | 6412163 | WTG-38 692599 | 6416740
WTG-20 696649 | 6412773 | WTG-39 691963 6415040
WTG-21 696262 6413204 | WTG-41 691672 6415899
WTG-22 696260 | 6412508 | WTG-42 690833 6413029
WTG-23 696086 | 6411834 | WTG-43 690466 6410294
WTG-24 695086 | 6412384 | WTG-44 689673 6412056
WTG-25 694977 | 6415650 | WTG-45 689646 6412574
WTG-26 694944 | 6414839 | WTG-46 689376 6413614
WTG-27 694935 | 6415159

WTG-29 694275 | 6414144 Substation

WTG-30 693700 6412035 - | 704385 | 6408570
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Appendix B: Residence Locations
Residence ID | Associated| Easting | Northing | Closest Turbine

R1 Yes 692341 | 6411582 | WTG-37, 458(m)
R2 Yes 691864 | 6412319 | WTG-37, 818(m)
R3 Yes 692800 | 6413328 | WTG-37, 1383(m)
R4 Yes 695042 | 6416317 | WTG-25, 670(m)
R5 Yes 696724 | 6414191 | WTG-21, 1090(m)
R6 Yes 699834 | 6410724 | WTG-18, 1098(m)
R7 Yes 703624 | 6409796 | WTG-18, 4526(m)
R8 Yes 703348 | 6409983 | WTG-18, 4196(m)
R9 Yes 703601 | 6409630 | WTG-18, 4581(m)
R10 Yes 692861 | 6417565 | WTG-38, 866(m)
R11 No 690273 | 6417460 | WTG-41, 2096(m)
R12 No 698586 | 6415818 | WTG-13, 2714(m)
R13 No 696905 | 6409427 | WTG-16, 2410(m)
R13B No 696738 | 6409602 | WTG-16, 2269(m)
R14 No 703405 | 6413792 | WTG-17, 3891(m)
R15 No 703349 | 6411856 | WTG-17, 3704(m)
R16 No 691947 | 6407949 | WTG-43, 2774(m)
R17 No 704000 | 6407217 | WTG-18, 6372(m)
R18 No 705567 | 6412186 | WTG-17, 5866(m)
R19 Yes 689454 | 6410083 | WTG-43, 1034(m)
R20 No 689021 | 6405103 | WTG-43, 5388(m)
R21 No 691607 | 6405283 | WTG-43, 5139(m)
R22 No 701314 | 6406657 | WTG-18, 5422(m)
R23 No 687573 | 6409950 | WTG-43, 2913(m)
R24 No 684782 | 6414788 | WTG-46, 4742(m)
R25 No 685541 | 6415477 | WTG-46, 4264(m)
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Appendix C: Director General’s Requirements

Project

Construction and aperaticn of a wind farm with between 25 and 40 turbines and a
generating capacity of between 60 and 110 Megawatts. Associated infrastruciure
includes access tracks, local road infrastructure upgrades, electrical connections
between the turbines {both underground cable and aboveground power lines), up to
three temporary and three permanent meteorclogical masts, gravel pit, a temporary
concrete batching plant, an operations and maintenance facility, temporary lay-down
areas and a construction site office.  Grid connection would be either through a
possible new swilchyard to the existing 132 kV transmission line between the
Wellington substation and Beryl, or directly into the existing Wellington substation.

Site

Approximately 2 kilomelres north-east of the rural settlement of Bodangora, 15
kilometres north-east of Wellington and 40 kilometres south-east of Dubbo in the
Waetllington local government area. The project area is approximately 20 kilometres
across (west to east) and 10 kilometres in length {north to south).

Proponent

Infigen Energy Development Pty Lid

Date of Issue

12 November 2010

Date of

Expiration 12 November 2012

General

Requirements The Environmental Assessment (EA) must include:

+  an executive summary;

« a detailed description of the project for both the wind farm and transmission line
including:

—» construction, operation and decommissioning details;

—» the location and dimensions of all project components including the wind
turbines (including map coordinates and AHD heights), underground and
above ground cabling between turbines, elecirical substation and transmission
ling linking the wind farm to the grid {including easement width and height), on-
site control room and equipment slorage, temporary concrete batching
plant{s), construction compounds, access roads/road upgrades (including
access tracks), any obstacle lighting, relation to Crown roads, and any
subdivision proposals;

-» a timeline identifying the proposed construction and operation of the project
components, their envisaged Iifespan and arrangements for decommissioning
and staging;

—» supporting maps/plans clearly identifying existing environmental features (e.g.
watercourses, vegetation), infrastructure and land use (including nearby
residences and approved residential developments or subdivisions) and the
location/siting of the project (including associated infrastructure) in the context
of the existing environment; and

~» resourcing requirements {including, but not limited to, water supply and
gravel).

. consideration of any relevant statutory provisions including the consistency of
the project with the objects of the Environmental Planning and Assessment Act
1979 and any relevant development control plans. Consideration should be given
to the Central West Catchment Action Plan;

1+ an assessment of the key issues outlined below, during construclion, operation

and decommissioning (as relevant). The Environmental Assessment musl assess
the worst case as well as representative impact for all key issues;

|« a draft Statement of Commitments detailing measures for environmental

mitigation, management and monitoring for the project;
« a conclusion justifying the project taking inte consideration the environmental,
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social and economic impacts of the project; the suitabilily of the site; and the
public interest; and

« certification by the author of the EA that the information contained in the
Assessment is neither false nor misleading.

The EA should preseni, with respect to each relevant transmission line impact, a

.| considered overview of potential impacts along the length of the line, 1o identify areas
| of potentially significant impact for further, more detailed assessment. In addition to

detalled assessment of areas of potentially significant impact, other areas along the
length of the line should be sssessed in a more general manner, with a particular focus
on the development of framaworks for the mitigation, management and monitoring of
mare minor and generic environmental issues.

Key A’ssesﬁn_éh’t
Requirements

The EA must include assessment of the following key issues for both the wind farm
and fransmission line:
+ Strategic Justification - the EA must

— include a strategic assessment of the need, scale, scope and lecation for the
project n relation to predicted electricity demand, predicted transmission
constraints and the strategic direction of the region and the State in relation fo
electricity supply, demand and electricity generation technologies. and its role
within the Commonweaith's Renewable Energy Target Scheme. The EA must
clearly demonstrate that the existing transmission infrastructure has sufficient
capacity to accommodate the project;

—» include a clear demonstration of quantified and substantiated greenhouse gas
benefits, taking into consideration sources of efectricity thal could realistically
be replaced and the extent of their replacement. Reference should be made to
Estimating Greenhouse Gas Emissions Abatement from Wind Farms in NSW,
MclLennan Magasanik Associates, July 2010, Report to the Department of
Environment, Climate Change and Water (DECCW) and the associated NSW
Wind Farm Greenhouse Gas Savings Toof developed by DECCW;

—» include an analysis of the suitability of the project with respect to potential land
use conflicts with existing and fulure surrounding land uses (including rural
residential development, building entitement and subdivision polential, land of
significant scenic or visual value, land of high agricultural value, other water
users, mineral reserves, forestry and conservation areas) taking into account
local and strategic land use objectives; and

-» describe the alternatives considered (Jocation and/er design) for all project
components, and provide justification for the preferred project demonstrating
its benefits including community benefits (for example community
enhancement pragrammaes) on a local and strategic scale and how it achieves
stated objectives.

« \Visual Impacts - the EA must:

—» provide a comprehensive assessment of the landscape character and values
and any scenic or significant vistas of the area potentially affected by the
project, including both the wind farm and the transmission line. This shoutd
descrihe communily and stakeholder values of the local and regional visual
amenily and qualify, and perceptions of the project based on surveys and
consultation;

—» assess the impact of shadow “flicker”, blade "glint” and night lighting from the
wind farm;

—» identify the zone of visual influence of the wind farm (no less than 10
kilometres) and assess the visual impact of all project components on this
tandscape;

—» include an assessment of the visual imnacts associated with the transmission
line, indluding impacts on local and regional views. Alternative pole designs
should be presented and assessed and the potential for undergrounding in
sensitive locations should also be assessed;

—» include pholomontages of the project taken from potentiaily affected
residences (including approved but not yet developed dwellings or
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subdivisions with residential rights), settlements and significant public view
points, and provide a clear description of proposed visual amenity mitigation
and management measures for both the wind farm and the transmission line;

—s provide an assessment of the feasibility, effectiveness and reliability of
proposed mitigation measures and any residual impacts after these measures
have been implemented.

Noise Impacts — the EA must:

—» indude a comprehensive noise assessment of ali phases and components of
the project including, but not limited to, turbine operation, the operation of the
electrical substation, corona and/or aeclian noise from the transmission line,
construction noise (focusing on high noise-generating activities and any works
proposed outside of standard construction hours), traffic noise during
construction and operation, and vibration generating activities (including

- blasting) during construction and/ or operation. The assessment must identify
noiselvibration sensitive locations {including approved but not yet developed
dwellings), baseline conditions based on monitoring results, the levels and
character of noise (eg. lonality, impulsiveness etc) generated by noise
sources, hoise/vibration criteria, modeliing assumptions and worst case and
representative noise/vibration impacts,

- in relation to wind furbine operation, determine the noise impacts under
opsrating meteoralogical conditions (i.e. wind speeds from cut in fo rated
pawer), including impacts under meteorological conditions thal exacerbate
impacls {including varying atmaospheric stability classes and the van den Berg
effect for wind turbines). The probability of such occurrences must be
quantified;

—» include monitoring to ensure thal there is adequate wind speed/profile data
and ambient background noise data that is representative for all sensitive
receplors;

— provide justificaticn for the nominated average background noise level used in

the assessment process, considering any significant difference belween

daytime and night time background noise levels;

identify any risks with respect to low frequency or infra-noise;

if any noise agreements with residents are proposed for areas where noise

criteria cannot be met, provide sufficient information to enable a clear

understanding of what has been agreed and what criteria have besen used to
frame any such agreements;

— clearly outline the noise mitigation, monitering and management measures that
would be applied to the project. This must include an assessment of the
feasibility, effectiveness and reliability of proposed measures and any residual
impacts after these measures have been incorporated; and

—» include a contingency strategy that provides for additional neise attenuation
should higher noise levels than those predicted result following commissioning
andfor noise agreements with landowners not eventuate.

4

The assessment must be undertaken consistent with the following guidelines:

— Wind Turbines - the South Australian Environment Protection Authority's Wind
Farms - Environmental Noise Guidelines {2003);

—» Substation — NSW Industrial Noise Policy (EPA, 2000); g

—» Site Establishment and Construction — Interim Construction Noise Guidelines
{DECC, 2009);

— Traffic Noise — Environmental Criteria for Road Traffic Noise {NSW EPA,

1999);

Vibration - Assessing Vibration: A Technical Guideline {DECC, 2006); and

Blasting — Technical Basis for Guidelines to Minimise Annoyance Due fo

Blasting Overpressure and Ground Vibration (ANZECC 1990).

—>
—5

Flora and Fauna - the EA must:
— include an assessmenl of all project components on flora and fauna (both
terrestrial and aquatic, as relevant) and thair habitat consistent with the Draft
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Appendix D: Photographs of Logger Locations

R12

R13
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Appendix E: Noise Correlations (24 Hour)
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Appendix F: Noise Correlations (Day)
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Appendix G: Noise Correlations (Night)
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Appendix H: Predicted Wind Farm Noise and Relevant Criteria

Criteria (dB(A)) Predicted Noise Level (dB(A))

WindSpeed(m/s)| 4 | 5| 6 | 7 | 8 |9 (10| 4 | 5|6 |7 |8 |9 |10
R1 45 |45 | 45|45 | 45|45 | 4536 |40 |43 |44 |43 |42 | 42
R2 4514545 45|45 |45 (4532|136 |39|40|39|38]|39
R3 451454545 |145|45(45130|35|38|39|38|37|37
R4 45 |45 (4514545145 |145132 (3640|4140 |38 | 39
R5 45145 (45|45 |145|45(45130|34|38|39|38|36 |37
R6 4514545 45|45 |45 (45128 |32|35|36|35|34 |34
R7 45|45 |45 45|45 |45 (45126 |26 |26 |27 |27 | 26 | 27
R8 45145 |45 (45|45 |45 (4524|124 25|26 |25|25|25
R9 45 |45 | 45 |45 |45 |45 |45 | 27 | 27 | 27 | 27 | 27 | 27 | 27
R10 451454545145 |45 (45130 |34 |37 |38|37 |36 |36
R11 35(35(|35|35|35(35|37|22|26|30|31|30(29]29
R12 35(35|35|35[38(40|43|21(25(28|30|29 28|29
R13 40 |41 | 41|42 |43 |45|146 23|27 (30(31]|30]|29]|30
R13B 35(35|35|35|35(35|37|22(26(29|30|30|28]29
R14 3535|3536 |39(42|45]|15|19 22|23 |23 |21 |22
R15 35(35|35|35|35(35|37|18|20 (23|24 |24 23|23
R16 35|35 |37 |41 |44 (47 149|120 |24 |27 |29 |28 |27 |27
R17 35(35|35|35|35(35|37|26|26|26|26|26|26|26
R18 35(35(|35|35|35(35|37|15(16 (18|20 |19 |18 |19
R19 45 |45 | 45|45 | 45|45 |14527 (3134 (35|34 |33 |34
R20 35(35|35(|35|35(35|37|10 (14 (17|19 |18 |17 | 18
R21 3535|3535 (35(35|37 |13 |17 |21 |22 (22|21 22
R22 35(35(|35|35|35(35|37|16(18|20|21|21|20|20
R23 35(35|35|35|35(35|37|19[23 26|27 |26 25|26
R24 3535|3535 (35(35 |37 |13 |17 |21 (22|22 |21 |21
R25 35|35|35|35|35(35|37|14 |18 |21 (23|22 |21 |22
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Nsw.archaeology

pty Itd

8th October 2012

Frank Boland

Infigen Energy

Level 22, 56 Pitt Street
Sydney NSW 2000

Dear Frank
Re Bodangora Wind Farm

The following additional information is provided to you as requested in regard to the heritage
assessment of the proposed Bodangora Wind Farm.

Wellington Local Aboriginal Land Council (WLALC) is currently in administration, as it was
at the time we conducted the heritage assessment of the Bodangora Wind Farm. Our
attempts to make contact whether by telephone or writing, made last year (we have our
letter returned from Australia Post) and most recently, failed. Accordingly we have been
unable to consult with WLALC in regard to the Bodangora Wind Farm project.

As of 22nd May 2012, the Wellington Valley Wiradjuri Aboriginal Corporation (WVWAC)
who represent the Native Title Claimants for the area in which the Bodangora WF is located,
officially took responsibility for all culture and heritage from Gallanggabang Aboriginal
Council (GAC). We consulted with WVWAC and members of their organization participated

in the field inspection.

The Kaiser mine is situated outside any proposed impacts relating to the Bodangora Wind Farm,
however, it is emphasised that micro siting should be undertaken with sufficient care to ensure that
there are indeed no inadvertent impacts to any of the surface or underground feature of the site.

Yours faithfully

Julie Dibden
New South Wales Archaeology Pty Limited

fax: 02 6100 2701 info@nswarchaeology.com.au

PO Box 2135 Central Tilba NSW 2546



